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Xbsvfcr&cit of the Dls cloBisre 
A control system for a cblori nation plant 
Cor paper pulp provide*; .for forward control for 

continuously adjusting the percent applied 1 cMori.no 
to compensate- for short and cnediuiti term variations 
in bloacb demand of the brown stock. A raathooiiatical 
model Of. the process may be adjusted for variable 
retention time and cVQorination tCTUparatura.s and also 
accounts for the parallel oxidation and substitution 
reactions in tha bleaching process, A chlorinate on 
if&nsoa: is ulso provided which, compensates (Tor changes 
in COnsiai'.fcncy unci has two COlocted censing wavelengths. 
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Tire px*e$enl; invention relates to a method 
of bleach plcnt control and wora specifically to a 
chl or inat ion/w tr a ct i on control sy s t om . 

In the paper making process the paper pulp 
la brightened to a selected target value or Kappa 
ntutiber by bleaching, Kappa number La a measure of 
tho quantity of llgnin in tlio palp. An o&scntia3 

part of the bleaching process ia An the cbl or i nation 
And extraction stages where chlorine is added to the 
paper pulp and reacts with toe ligoin. Lignin is 
the material in paper pulp which causes itfi brown 
appearance ftrxd which must be removed to produce white 
paper or in othar vordtf, to produce a Kappa number 
or brxghuifiR3 of a selected value. 

tfbuB, in theory, it ia desired to add the 
proper emourxt of chlorine bleach for the amount of 
liyoin proseirt ir> the pulp currently b*in.<? inpuLed 
into the bleach plant, This inputed pulp 1b normally 
tonuod brown stock. After completing the clilotfinatlon 
and extraction process the- bleached palp ail extracted 

Kappa or K number which as cloee to the target 
a a poo Bible . 

I'ypicaL bleach plants way have the following 
stage Arrangements 

1) CSHP 

2) CXUEb 

3) CEHDED 

vhere 

C = chl ori nut ion t-OVCx 
E « extraction cower 
H = hypochlorite tover 
D " chlorine dioxide tower 
If. tbft £lr«t two ttag«s, C caza<i E, arc controlled precisely, 
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the control of tha later aiagoa is much oasie^» 

Oiui fcyp^i of hl*ach control aye Lew which 
hat bacn \a:^d Xn tho jp**t is t>«* -'lilac): widow « liontroj. 
aystftra as described In an articlo by Obonshain in 

January, 19.S8, Volm«i 41, iSto. 1. In tho "black 
wi<3ow" system a photoiafttxic eeneing device localed 
downstream ol the, clorinalor feeds back InforAtaLion 
as to the brigbtnass ox: Kappa number oi the pulp At 
ttet point to control & chlorixio volvo. However, 
this sy&tw tln^r. not adequately control the extracted 
Kappa nu^j- zIjw tHe point At: wliiah the sensing 
device i? located is upRtream of the chlorination 
to*or and extractor. Thus, if- will not easily or 
adequately compensate fox either ambient teroperatura 
cbungos or charges in retent'iou tlroe oi the paper 
pulp in the chlgri nation process. 

Another approach to c hlorination is described 
in an ecfcxcil^ en titled "A 3?evr Approach to lu-linB 
Control oU Chlioxinauion" by Jaok Strom and Harvey 
Noyrich in tho periodical Pulp, antf fiAjjer f M&rch, 19-72 s 
and in U.S. Parent No- 3,4 65,550* This aystera iw.a' 
essentially the actens dis odvan tagdfc a£ tlitf "biaok widow" 
£yfitow, 

to addition, both of the £oro<foin9 approaches 
ugg a proportional pins integral analog controller 
Which produces an unstable control loop. F and I 
controllers ore usuaUy detuned to provide a aluggiah 
response becLvuBG of thu danger or process- gain or 
deadfipid incr easing-; if those increase < the control 
loop bocomec unstable. 

All of the conventional control methods 
for bleach plant control hav* poor control capabilities 
vhich either result i» high bleaching cO*ts bo<?«nso 
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of the ax**** tutn of cHcjiACfcls, end conconvtantly pollution eroMcjre, 
and also results in poor control of brightness. 

ItoaUy for perfect controls h pure food forward system 
would be wwl vKotc tho wraunt oT iipiiii an the Incoming P^lp ls 
cardial!/ jmimuxm! <md the proper fi neurit o£ chlorine is then added 
to react with, the Tn&35uvert 1 to produce Che do&bftfl ninowit: of 
bleach? il£ or brij^tuoss. Tbis cannot be dona rIuca tba airnunt. oF 
Hfirtin cannot be micccsslull>' measured, 

>.lcx:o\»ox l tJ\e af£ect o£ the cJarjii.jte i/J»l.vli ha* lie*" vrldwtf 
cim bo neasurad. But,, again a pare .feedback control system cannot 
be used since the total time for a typical diluTinAti<m/extTact:iwi 
proems* my tuaw- from 2 to 3 hours- This includes tfce tljt* m .1 
cfclfji-Ue ^'.Xtfr, & chlorino tower and 333 extraction tower. 

tt in, therofoxo, a flenoral object of the present invention 
Uci provide an improved COnUrol $>*$tr;m for & bloach. plant* 

f|: h: smother object oi the invention tn provide ;i clilorioat-lort/ 
extraction control system which provides Lmprcwod ragirttttiou o.t" cx-- 
tntctod Koppn nuirfcor and hence brightness. 

It is another object of the invention to provide an in^roved 
n»c3icd Of sensing chlovination. 

It is .-another oh J ect of Clio Invention to provide a chlor- 
isis.T3.on senior l.n u sysben us above whicb KutomaticaLly cotrpmsates 
Jbr ch*i\g*a tel constancy. 

Tho present invention provide* A method of control liny 
tho extracted SCr/ppn <u<hI>«t of j>ci$>er pulp in u process having a con- 
tinuous flow of such pulp tliroflyfc uresuijung ucora uhoro 11 bLeadiiag 
agent 3 s added and iJart-iiil bleaching taXos place and through, reactor 
tfttans tosuostwtUil)' OOflple-tc Judi bloaddiJR said pulp being sxis- 



copeiblc to tfiG concentration of lignin which. In uiimeij* amble U/ 
Itself vhich. affects said *appa number and Kh«z* ^oJ.tl pulp i* sub- 
jected to j«ij<J bleaching agent in Stiid prcudxliig jikmqis wjiI 
Victor iu>*n* which aflects s,tid fcvppa nuxiber a aid Method croup r is - 
lojr tlic Toiloxin^ stops: sensing * color value a-elated to said 
K-ippa mintoor after said material Uy.fl MibjitateO t:v «tf 4 bleach- 

ing agent in said pi'undxinK noncis; providing R prediction mndol 
whiuli in rospoiLse to *nUl sens&d valus, Che nnount of Meuddtig 
ag&ut adde<J, and tcsnpcrsitwc imd Tctcirfien time in *aid prwiixox 
;iud factor nosm*, predicts the future valno ol said Xappa nwrber 
yf £er bci*s withdrawn Iron means relative to the present amount 
of bleaching agBnt h&iilf; udded; ;md ^o^iaritiy $irid pit: dieted 
future value siftcT h «H ti t; withdrawn fron the reactor corn's with 
a set peine iA+Vr*iitt! <P"C tfwp'xg *<n.d H'HOVfCt- nf blciicMni: 
3g$r\J: irt response to * 1&c ^ °^ comparison. 

figure 1 is a block diefcivun of both the actual process 
•tor c^lormaticm/extrnctinn of paper pulp alfinfc iflth a fun Ct.l Oiiat 
block dUgxau the pnicesfs klvlcU fche <VW5i>C\atcd Computer controls. 

Plguro 2 it Ji simplified scheinatic o£ tno chlorinate on 
Sorts err of Piguro I. 

Pigora i la a **t 0* ch<\rAce&rl$tic cunt* useful in under - 
sCuuditlg tKc operation of the stmsor of FIjtuto 2. 

Figure 1 is a set o.P curias useihil 3n undevs tandinje: the 
operation of the preoess. of Fi.gura I. 

Figure S ij» a nxiro detailed hloclc dUffran, oF Fifinr* 1, 
In Pleura 1 there is shown iti tha process: port*&n ID a 
typical chloidi^tion/ecctrAcCioti plant. Portion 11 ts either a 
computer i/i* tycidfrl purpose: 





control unit which control* the operation of the plant 
portion 10. 

Specifically, the yortiox) 10 includes a 
cnlorination preroixer coiit 12 vrhic-b has as inputs 
the brown stock paper pulp flovr on line 13 and chlorine 3 : 
flew on a line 14 which la controlled by a valve arrange- 
ment 16* The percent of; chJorine applied to the brown 
stock, of course, is a major factor in detGrmining 
thfi extracted Kappa number or final brightness*, at 
3.0 the. output 17 at the end o£ tne process, TUft chlorine 
promixor 12 may b*va a retention tiara of 70 seconds ■ 
to five minutes, The transfer function of uhe premixar 

ia represented by the mathematical notation Gl {*) . 
The * transform function is somewhat similar to a 
LaPlaco transform function except that instead of 
being a continuous variable tho z transfer function 
is based on periodic samples; e*cj,, every second, 

The output. oJ! tin* cnlori.»ii2 prcmixcr vhi<?h 
is normally a continuous Jiiow is iacl to a chlorine 
20 tower 18 and then to an extraction cower 19 boCh of 
vhicJi aro ocaomtlally plug flow reactors* 'J'he total 
transfer function o£ the combined chloriuatlon/eK tract S.on 
procoss is represented as G2(r) and represents a time 
oelay of from two to three bcurc, At the output, of 
the chlorination pr-scnixor 12 ia a chlorination senior 
21 which aenses: (..he color oC the pactial3.y. reaofce<* 
.pulp after having boon subjected to the injected chlorine 
fior tae retention time of the preraixer. The sensor 
output has beeu designated The chlorination process 

30 continues in the chlorine tower IB. *he reaction 
product* are extracted in extraction tower 3 9 where 
the final extracted Kappa number is reached. 

• Referring now to the computer portion .11 
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of JKiguro 1* a predictor unit 22 provides a mathematical 
model which predict* t-Hc condition of the puOp ) saving 
the extraction tower 13 1 in otber words, predicts 
the extracted Kappa number, EX, bated on the current 
operating conditions P£i*d5oator %?. 1b xesponBive 
to several syijtumv prtrainutor*5? percent applied chlorine, 
cii, ueioperatura, 'j* p chiorination eensor reading/ DS, 
and the retention tinea of both preuixer 12 and chlorine: 
tovrer IS, T.n addition, Other operating variablee 
10 of thfi eJxlorlnft-tiou pror-c^s which are taken into account, 
er© th* type of pulp and. the actual partieulftj; chzirac tor- 
is tioc of the processing equipment -phion includes* 

of cOurso, chlorine premier 12, chlorine tOVOr 19 

and extraction Lover 19* All of thciio variables including 

ambient temperature and retention times are represented 

A. * 
by the input parameters Kl" through KS r . Predictor 

A 

22 thua .provides on ita main ^output XI.nO 23, J8K or 
the predicted e^tr^o-tod Kappa number. 

A byproduct of the predictor is the brov/n 
\2fl stock predicted Kappa number RX which" is actually 
tho amount of lignin in the current incoming paper 
pulp„ TfciB value, o£ course* cunnut normally be measured 

A 

by ordinary on-line, methods. The value or BK is very 
v.BQfuV j,x\ the oontrol of tho pulping process which 
proceeds tha blanching process, as illuBtrated, predic- 
tor 22 ha a other inputs the brown stoc* flow and 
the JJlov ox chlorine. A combination of these two 
elements with brown stock consistency will provide* 
tho percent chlorine (CL) added to I'-he brown stock. 
30 Periodic feodback control of the extrairted 

A 

Kappa number, SK. froro output iino 17 is also provided 
to stabilise the remainder of the control ay stem against 
Blow drift in immeasurable var labia s. Tho initial 
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*xtracl;0U Kappa number s-jt point is compared w.1l;h 
th« actual valuo ana any orror drlvos a predictor 
update unnt 25 dueigaatotl with a function 1)2(2)- 
Output 27 oi ! this: predictor in oseence provides a 
£ee<5baek biau v/hlch vhon combined *Hh the predicted 
extracted Kappa number, EK, provides oo line J5S a 
Kappa, number updated for alow drifts. This is combined 
With, ft lino 2S> "which has the current e*txAGfc«i1 Ko.ppu 
number set point or target, tho difference then providing 

iO an error signal on line 30 to drive a chloriuo controller 
51. This controller baa a charac l:er.iatic T)}.{t,) Which 
is designated to cotnpftiisate for the UeZayotf uweusurcmsnt 
of the cblorination eensor 21 i In other woruK, the 
controller 31 nas a control algorithm Pi (2) which 
ifi a *ampled~data , dead-tJjttC C0JnpGtJSut«*d control algorithm. 
The output oJ; cxmtr-01201: 31 on lane- 32 arivee the 
chlorine valve control unit 16 in accordanco *ith 
the error on line 30. 

Delay unit 24 incorporates a mathematical 

20- model G2<?,} which is tho retention time of the entire 
chlor Ination/cxtranticn process^ This unit onablos 
the operator to aasiiy change the final set point 
by a3 justing tb<* current extra ctsd Kappa number Bet 
po5nt. " Thia change must, of course, he AcIkycci by 
<22(z} before being compared with the acrtnnl extracted 
Kappa number to provide no update > 

It is apparent from tho foro<$oixi y .description 
that tihe computer unit 11 could bo oi titer a special 
purpose computer, a cienp-ral purpose computer or a 

30 Specially uosignad control unit with the actual timet ion ft 1 
blocks and Unas as HXustratod- 

flea) a more theoretical and overall viewpoint, 
tt is apparent that tho systoin os described above 
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is ejtf»ontial.lv 91 teed forward aystea vrfth racpfcct 

to the predictor 22 with a d*l*yes«J measurement of 
the dijfcoxWnoc varictMe. Vhic disturbance variable* 
la, of course, the amount of lignin in the brovn stocfc 
or paper pulp* The coo trolled variabla itf the brightness 
or extracted Xap?a number of the brown stock and thft 
manipulated variable i«. the pore out. ch lor lire, added 
to the brown Stock. 

Figure 2 illufitrfttO* the structural details 

10 of chlorinat.lon sensor 21. Suoh ciilorination sensor 
is Similar in concept to u moisture senate OCViCo 
disclosed and claimed in U.S. Ha tent: 3,541,349, 'j*he 
sensor in essence measiuroa the transmission of both 
visible and infrared .lighL through a vindow Ifi in 
the pulp transmission line J 7 from the chlorine prctnxxor 
12. A light, source 38 is focused by lonses 29 and 
<U and chopped; by chopper 42. After being transmitted 
through the pulp or brown stock which is flawing- ' 
through tho line 3?, \t is split into two portions 

P.O by a beam splitter unit 43. One portion is filtered 
fay a filtor^l, focused thereafter by a lens 44 and 
detected by a dotoctor <J6. The other portion ie Tiltt>ru<1 
by a fUtcr?. 2 , focused by lent; 47 and detected by 

detector 48, The outputs of botb detectors are 
amplified by ajtiplifiera 49 and 51 , demodulated by 
demodulator 52 nnd than coupled to predictor 22 . 
tfhua, the output of demodulator 52 is M or the chlorin- 
atian sensor output. 

The wavelengths^ 1 *"id6%2 are a? illustrated 

SO "in Figure 3 substantially 50Q NuUl.Luiicrons and 1075 
millimicrons. Xn Othor worda,% 1 ift in the visibJio 
ran^o and>2 in the near inlrarea frequency spectrum. 
4 i l he curvfc* of Piguro 3 illustrate* t:he transmission 
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charactoziatic of the unchlorlxiaturj brovn stocfc and 
fche brawn stock af fcer nh I or! nertion and xetfcnt'ion fcitoC:? 

• of both XfAQ miJiafcti?; wud 50 minutea. Jt i$ apparent 
that th* triinrJttisiiioii ot che wavelength ^l will be 
considerably affected by the amount of brightening 

or bleaching of the brown stock vhile the* transmission 
of the WWOIrjrj^th "^2 imAl:.£svtod. xhua, th6 latter 
vavolsmgth mgy be \\uc<i as a reference and when compared 
withal win provide an indication of the chlorine 

10 . with fchc brovn stock. It is also apparent that\l 
. andXl>, rtitfcough it la believed that optimum values 
have been * elected, may be varied soKiewhat from these 
values to achieve the desired m«acuroi&ent results ♦ 

The chlorirjafcion sonaor v^ill also automatically 
compensate Cox con uiaten cy changea. This ie because 
the prcjunco of more fibers increases the amount of 
lignin in the path longth of the iight being transmitted 
through the window thus milling the fiber xnaso look 
datlcar. ThJ.S., therefore, reBultu in the controller 

20 increasing tha chlorine flow. 

In the preferred embodiment Df the preamk 
invention the ope rat ton of predictor 22 is bnsod on 
the assumption that two reactions, naiiwly oxidation 
and substitution, occur siniultaneou&ly in produciiKj 
the bleaching or the brown stocX by the chlorine. 
This ie illustrated in Piguro i where the annunfc of 
chlorine coninimod ralative to tha total roaction tijia 
provide* substitution &nd oxidation curvea, the total 
chlorine consumed being xoereJLy tlv? addition of theso 

30 two reaction curve C« Tho substitution curve rises 

• vary rapidly relative to tlx> oxidation curve. It 
is apparent that contfidaration of these reactions 
ia uaeful in providing u raatheffinticai model of the 
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Mcocfeln? px-ocX:*;*. Win ifl especially iinportant vhor*, 
referring to Figure l, the cftlorination sensor XX 
is necessarily locaced immediately at the output o± 
the chlorine premixer which may have- a relatively 
short retention tiwa. Thin location ia necessary 

aince by minimizing this dolay titnc the control eye tern 
ras£onse to rapid or Moh -frequency changes in brown 
stock Kapp* number la \v»ade poaoible . 'J!he retention 
time will, therefore;, full in tin very early portions 
10 of the* substitution-oxidation xe^ction cvrvos whoxo 
v the fastest rate of change ia occurring. Thus, nor 
an aCGUt'tttO prediction, it 'is believed that it ia 
preferable to use the parallel reaction isodo.t, 

Utilizing the parallel reaction nioddl for- 
the purpose of prediction the following assumptions 
are indole; 

i. Two react ions, bo-th firat order, occur 
simultaneously, Ifcaso aro oxidation and substitution. 

'2. Chlorina in aqueous solution i« nydrolized 
20 according to 



30 



where K£ is the equilibrium constant at toaip* raturo 

" traction of tbe initial lignin of 

the paper pulp resets with thymol ocular chlorine 
in a relatively fa&t first order reaction; i«e..- 



•"eft 



wbere La ia tbn concentration of Xignin available 
for subst.ltutJ.on and Jc fl ia a function of t<*T*«exature 
described by the nrrbenivia equation. 

4. lfce- total llgnin also reacts with the 
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by chlorous aoi«, HCC1, by oxidation; i.«./ 
4L b - k [TJ fBOCU 

1 whoro Ii i.g total lignin, L 0 relate* to the roaction 

by oxidation and k 0 ia again rclfltod to temperature 
< by tho Arrheniua equation* 

L The ctoichioi&etxy of the consumption of 

♦ . cl 2 and H0C1 by lignin is rolatsd by 

AL., = a£ (C2 2 3 <*) 
I 10 A L Q = ht [MOC1] <5) 

>. Kht^e rt e>" and "b" are the stoichiometric constant j. 

7.* «Che foregoing assumption 6 can be uaed to 

]■ dcriVO a rbethematical jiia<lft±> which" is usod by the predic- 

tor a« shown in Figure !• For control about a give.ii 
*;j s toady gnate condition it is assumed that a linearized 

*f approximation to the aforeraGntion<>d sttodel (5 an adequate 

!j representation of the syntesu Th/.s assumption cannot 

\ ht> extrapolated over c^UTe rancro conditions becau&A 

I the procese it; not linaar.- Therefore, the linear 

.-j 20 pararootora used in the linearized approximation model 

1 must be updated vfcen o major change in the procro^ 

,j conditions occurs, 

; These linear parameter are functions o± 

\ wood fioticiee, retention times botv/oeA chlorine addition 

point and sansoi' unci between chlorine addition point 
and chlorinatdon tower outXct, pH« temperature (inlet 
nnd ambient) , extracted Knppa number Bet point and 
purcunt «hioxAne applied* 

*Two methods are available to detorifcino the 
30 parameter*. The JMrst is by plant testing which <:*>n 
be very time consuming if operating conditions vary 
widely. Tha second method available to determine 
the* forogoing parameters ia by ciiaqlation o£ the proofs 



J 
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uaing a watkOMAtlOftl fliodol. 

rchere ?-ro tv*o basic verc'ion& of tHo mathemati- 
cal JOOdel* First, it Kiuy bo bosod on a single "pseudo" 
choiaical reaction* 'i'he second Khicli is usud in the 
preferred embodiment cv£ the present invention is based 
on the two foregoing p^allcL chcir«J.cai react ions including 
the effect of liquid phase chemical egu,ilibr ium, 
The mode 3. is in f-he J: or ft of a caNputar program. It 
- is bolUsvad that the parallel chemical reaction model 
hO provides & bet tec fit to experimental data ovar the 
full range of retention times sine* it aQCOUOtS for 
the rapid aubB^ibution reaction wULoh Is obuorved 
in the data during the first fev second* or Routes 
after chlorine addition, Thfc model itself includes 
equation* fl) , W> (3) » {4) and <5) . 

initially i the following conditions uru 

set: 

and Jc^ 1^, 
reaction temperature. 
2Q The following steps arc then porformod: 

(a) Calculate the actual concentration 
of Cl 2 and uocl from the hydrolysis equation {1} . 

(b) Over the- integration interval A t calculate 
tho amount of lignin reacted hy 

*L 3 = fc a IC1 2 ] [L a J fit £G) 
fcr^ M k 0 (itocn Hi] At C7) 

(c) Calcukrttc the values of lignin by 

L + t - ('61^ + W 

30 and consumption of- cl 2 and fioci by equations (4) 
and (5). 



L, L 0 , initial chlorine concentration, X^, * B 

k s and.k 0 are calculated Cronn the apociflud 



<d) 



Based on change* in Ci^ UOC1, Ct and 



£3* rOOOMptttQ Cl 2 And HOCl for A t using thO uquilibtUlA 
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30 



equation (.1). 

{C) KcpOat step* (h) , <«) f<nd <d> for the d<*«:ired 
to La?, time. Thifl time/ OJf course, includes tho retention 
times of tha prtMtiixer ana the chlorinu tower* 'The 
results of this nolution j*rocedure ia to calculate 
the proi. {.He of Cl^ consunptiqn amount oi licfnin 

xefiotod and therefore tho cdor, Z>S, of th<* pulp 
(which Ic lin&ar3y related to the woount of lignin) , 

Vrow the foregoing simulation the linear 
parameters Xj[ through K£ can be derived ior ;«>y given 
set of conditions including a change in rotontion 
time since the additions of & t compensate for retention 
time. Also change?* in temperature arc cotupuJiaated 
aiucQ K T , k & imd Are related to temperature, 
she Pour parameters are tho following; 



ACL 



«2 = 



ADS 
/I 



U0) 
(Ui 
(12) 
(13> 



where ci- iff aqual to the percant cbloriue applied r 
BK ic equal to Uhc brown »toc^ Sappa number input ed 
into the process, kK equal to the extracted Kappa 
number, and ng i& the digital chlortnhtion sensor 
output. A:; illustrated in TM.<*uro 1, tha four paraTCebe** 
K{ through arc inputcd into the predictor in an 
ofir-iine modo. At the present tiwo tMs ie Relieved 
to he the roost satisfactory method altoougn an on- 
Una mode mi*jht be aood vhon needed for certain typos 
of processes. 
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Tho prinw obsignation^ represent the value 
uaed in khi» morfol uhicfc may differ from the* Pfcruo" 
Vflluufi for the proceae because oE unavoidable error e in 
estimating the paramctorc* Aa illustrated ?.n rigurc 5 
in tho actual prone-is shown in block 10 the K 1 « are 
unprironu 1 cirtd in the computer an ehen/n in block, 11 the 
K »na G fun- eta ox* b ir* priced. 

More specifically/ to determine the p&raiuotors 
K-! through K] from tho parallel reaction model* small 
perturbation cowpu nations axrs carried out. For example , 
to calculate kJ * <^OjL *IW? initial values are set in bb^ 

'Modol and D? is computed all the time; taci - tho outlet of 
the premLxer, Then the initial value of C£i IB Changed by 

and is recomputed? tne dif Eerencc is If d CL 

approaches sero then K''»3DS « 

In the linearized vcrcion of tho nuithKiiiatical 
model, tho di<jitol chloriaztioa annaor output, DS , and 
tho extracted Kappa" AUmbe r EK, may b* related to the 
constants K-j through K^ by the eguationei 

PS - GHz) K 2 CL + Gl(x) PK (1*1) 



3 a 



{15^ 



These way be .intxiiUively derived i»ince in equation (14) 
the digital soneor output is, of course, rolatod to 
initial brovn Stock Kappa number and the reaction of 
the eh 1 ox i no with that brown stock. The swnc ic true 
in equation (15) of the extracted Kappa number, Kk. 

The function Cl(z) relate? co toe dead time of 

th« prOoeBB plue the first .-prdcr lag respond batweera 

CI or DK and the output reading of the digital cblorinution 

censor and may bo re£>rojfented by 
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(16) 



l — l — oxp (-T/rl 


(17) 


- ((WO 1 "" 1 - (J--L))/L 


(18> 


T * time constant 


(15) 


{tl+M)r « dcadtim© 


<2t» 


T = sampJe interval 


(21) 


M = integer 


* U2) 


0 < m < l 


<23) 



the foregoing merely iilustratos a 2 tranafcirrn 
function which is similar in the contini\oua mode to a 
LaPlace fcransiorco Junction. 

froit) q practical standpoint, instead of! pro dieting 
thtf value of B£ passing the chlorino fcddition point 
(*Hl)T tiiao ago it is moie practical f.Q predict 
which is the predicted brovrj Stock Kuppa. number lagged 
by the dynamics Gl r (2). Gl' : (*) would include the process 
response together v/ith the exponential filtering uri the 
digital chlorination seneror signal. 

'I'hua, revolting equation {14} J.rs u now format 



yield* 



PS ~ Gl 1 (a) Kj[ CL + BK . (24) \ \ . ^ 
Rearranging equation (2 4) to solve for J3K ?lvee 



UK «=■ DS - Gl' (Z) *£ CL 



(25) 



4 
-J 



KevnriUng equation (IS) to now include the 2 



function giveB 



30 fcK = CI' (2) K 3 CI + K 4 JBK {265 

and substituting equation (55) in equation (26) yields 



K 2 



{27} 
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£t apparent vel*«j:*ing to tuo predictor 22 oii 

Figure 5 that equAfcion (25) nay be utilized to solve lov 

HK and equation (27) for SK. The fioiuUion to oquationa (2g) 

and (27) ifi shovn in. Mock diagram frosmnt in the predictor 

A 

22. NObfc that if it. ia desired to solve for UK the 
remainder of; block 22 need not be \u?ed. 

Thua, the pxesont invention hae provided a food I 
forward type control algoriUsro which is designed for maxijaino 
dynamic offGctiven^-Tf: by Cuinpi3iij?nting for the inherent tiwo 
10 delay between chlorine addition and sonaot poaition* i\lso 
thO present proems Sicily provides tor variations in 
dilorin-fttioji temperature and in. retention tine. 
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-XHZ EWBOtJTKRNTK Of 1'HB TOVWI'ICM IN WIOQ ™ BXCLOS3VB 
PROPERTY OK MrtVXIMBS 13 WjATMRD ARB MYJNtfU AS FOLLOWS » 

1. Ill a MOV-tod «f controlling tho cXUA«teci Xr»n 
muter o£ paper P«ip in a process having a continuous fU;« 
of .« u a)i pulp thrcj«glt premising where a blOBOblng «0«»t 

ip adOod and partiaJ bir.nUd.ng taken place and throv<fU 
reactor means to substantially compute uuvb bief.chi.ag »*id 
puLp being .Susceptible to the concentration o£ liynin vhic)i 
is «niiM«tt«»hlA by itaolf which ofloots said Kappa ft™*"" 
,„.i where .<H0 palp i> »«b to teaching a«/en L in 

■aid prefixing acrfna and said reactor w>mjj6 which af J;c«l:B 
naia Kappa number said method comprising the fclJ.nwi«'J step-i 
nosing a color value relfcfcnd to said «*ppa numb&x attar 
f5 ai« loaterial b«« been subjected to aaid baching wr* in 
Mi4 prefixing .^w providing a paction uwdal which ;.. 
response tn suid sensed value, the amount of bloachUg agent 
sflfied, and temperature and retention time in sai.d prendxer 
4uid reactor «c«di . prtaUots the futu^ v*>ae of said Kapp* 
raobCC after b*t«9 «ithdra*o <5t*» means relative to the praaant 
amount of bleaching a*** being add»d; anfl coiUpariJlS said 
predicted future Value, after bell* withdrawn Hroui the reactor 
moan, with a sat point «,te«ui« and during *™o«t °£ 

bleachirxj agent in response to a iack of Caparison. 

2. a method according to Claim l Mi»» **id va.Lne 
related to aaid K*PP* number Le aeaaurod after said palp lias 
been sub>-:ted to s*Lri hleacbimi *g*nt in said preiuixlliq 
roeans for a relatively uBCirt tin* period as compared to 
said retention tiiiio of aaid roactor mean* «hic:h is a 
relatively lony tl.me period.. 

3. R method Recording to Claim 1 vhare said en lor 
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value; JL'OlatCii bo Gdid Kcippa number ia ideJiuuO by jaeauurlug thu 
transmission of. a eoltfctod wavelength of visible light through 
eaid pu3p, raeaauicing the transmission of a aelscted wa-v*ler<gth 
of infrared through said pulp and comparing said two 
rifoea s ursine nt.s>, 

4. A method ns in Ciuia 3 where said visible 
vAvelA^gt-h in substantially SSO mLLliuiiorojis and #:aid infrared 
wavelength i;; substantially 1075 nu.llimi.oti>iiy, 

5. ft method as in ] where said blGUE;hin<3 
A^iit is chlorine which iii consulted in nccordajjoo wiUi the 
parallel reaction of licjniii vith chlorine in both oxidation 
*r>d substitution mod** &a:Ld raa^tifms being affactftd by 
vr<ru'<t.Liii.y in yaiu* tempo j?*t.u ro «"t2 rCtO-utton t.tmo<: sai.d 
prediction mode} being responsive to said variations. 

6. A jnsthocl of oontinuously controlling the 1 njCaOtiOJl 
of a bleaching agent inr.o a moving stream of brown stock for 
producing <tes*.red brightness in the bravn Htogk such brown 
stock after f-aid injection being retained in reactor aaaus 

U [jrcadotcrwlnod cefcOftfcion time: to subs tantiaHy complete Lhe 

bleaching and thart^ftoc v i.thri rmjai s*id m&aoi:<M» a 

continuous rate*, said mothod comprising tho stops ot; <n : :ji2.Lng 

the color Cl>S> of said stocn afte/; said bleaching agent i* 

injected but before Baid stock is placed in y&id re^otCJ^ 

jijaanC;, pxTtdictlAi? tlXF; extras r.ftd Kappa number r *K, of said 

stock after being withdrawn frora said reactor based on tbti 

eurronfc valuer of; pexcAfli; blea'chincj agent applied (CL) and tbe 

A 

darkness of the brown stock <BK) by 

ax ~ S - GUz] fl CL 

*■ 

and 
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nh*re TiK is the predicted darknesd of the brown fctock 
logged by to* dynamics <iX* (xi and ^jl>:;tit\iLijig ^cjuaLion (1) 
iti (2) 

- K 4 US -f 01' (as) lKi- K l X _LJ Ct, 

wfcQjec Cl'U) Iss * z L ? «iK:l.ion ref lecLinq lag response 

viv.ti cf»«^Rat to a change, in brightness sensud AJCler addition 
of bleaching agent where 

Kj ~ Ads 

* ACL 

said foregoing parameterH XJ^ through being cloriVcid Ijcow 
a rnaliheiiuiti^al wodel baaed un the jjturaiiui reaction of hrnwn 
t:ul>:St*.ncu t.n said brown a Lock with eaicl bleaching aijc<nt In 
both oxidsituon and j» utuifcihufcion mixtes said deriv&lion beincj 
based on atuhieut t camber ntujct: o if f.ald bvown $tor:k. and said 
retention Lime in sa.i.d xeactor rtieana uIoikJ with obhur parameter, 
of the ruettiod, and comyariiKj BK ^.Lth d set point 7*ference and 
u)icui<|.tn<j th,o lAjnetiou of said bleaching agent in response to 
* }«^ok of: ijoiRioaxiaon, 
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